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Abstract

The differentiation between acute benign osteopo-
rotic and malignant vertebral fractures is sometimes
challenging, since they both occur without adequate
trauma and are common in the elderly population.
Conventional X-ray is the first imaging method to
depict vertebral fractures, however it lacks speci-
ficity. CT allows better delineation of osseous
destruction in neoplastic fractures, however it is
not always possible to define the exact cause of the
fracture. MRI is more specific as well as more
sensitive in detecting especially discrete osteopo-
rotic fractures. In most cases the combination of
morphological signs in CT and MRI allows the
determination of a benign or malignant cause of the
vertebral fracture. However, there remain uncertain
cases with contradictory imaging features. In the
following chapter, we discuss the morphological
signs which help in the differentiation between
acute benign and neoplastic vertebral fractures.
We describe the latest techniques such as diffusion-
weighted, chemical-shift, and perfusion MRI as well
as nuclear-medical techniques.

1 Epidemiology and Clinical
Background

Vertebral compression fractures occurring without
adequate trauma are a common clinical problem. The
most common cause of benign vertebral compression
fractures is osteoporosis. The European Vertebral
Osteoporosis Study (EVOS) examined radiographs of
15,570 males and females aged 50–79 years in 19
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European countries and showed a prevalence of
osteoporotic vertebral fractures ranging from 6 to
21%, with a prevalence of 15.1% in men (mean
age 64.0 years) and 17.2% in women (mean age
65.5 years) (O’Neill et al. 1996). Since many vertebral
fractures escape clinical diagnosis, and because back
pain is a common complaint in the elderly, it is difficult
to establish a reliable epidemiology. Menopause,
advanced age, and a maternal history of fractures are
associated with lower bone density, which leads to an
increased risk of osteoporotic fractures (Melton 1997).
The yearly incidence of vertebral fracture in women
rises from 0.6% at an age between 55 and 57 years to
2.3% at an age between 75 and 79 years (van der Klift
et al. 2004). Estrogen deficiency is the most important
factor in the pathogenesis of vertebral osteoporosis,
with environmental or genetic factors also appearing to
be contributory factors (O’Neill et al. 1996).

Metastatic lesions are the most common tumors of
the spine (95–98%). The spine is the third most fre-
quent place of metastatic deposits, following the lung
and the liver. Forty percent of cancer patients have
spinal metastases, 10–20% of them are symptomatic
(Harrington 1986; White et al. 2006). The metastatic
seeding occurs mainly through the arterial blood
supply, a retrograde spread through the Batson plexus
is also possible (Batson 1940).

In a study on 600 cases of spinal metastases, the most
frequent primary cancers were cancers of the prostate
and the reproductive system (21%), the lung (19%), and
sarcoma (9%) in men, and breast cancer (53%), uterus
cancer (9%) and hematological malignancies (5%) in
women (Constans et al. 1983). Multiple myeloma
or solitary plasmocytoma and lymphoma are also
common (Cuenod et al. 1996).

About 70% of symptomatic lesions are found in
the thoracic region of the spine, particularly at the
level of T4–T7. Twenty percent are found in the
lumbar region and 10% are found in the cervical
spine. More than 50% of patients with spinal metas-
tasis have several levels of involvement. About
10–38% of patients have involvement of several
noncontiguous segments.

One-third of cancer patients also have osteoporotic
fractures without malignant infiltration (Fornasier and
Czitrom 1978). A correct diagnosis is crucial for
appropriate clinical staging, treatment, and prognostic
determination, if a new vertebral fracture appears in
these patients (Jung et al. 2003).

2 Conventional Imaging Techniques
in the Differentiation of Benign
Versus Malignant Vertebral
Fractures

2.1 Plain Film Radiographs

Conventional radiographs of the spine are the
standard technique in assessing vertebral fractures.
The age of a fracture is difficult to be determined on
plain film radiographs. An increased density due to
impaction of trabeculae adjacent to the endplate and
cortical disruption are signs of more recent, acute
fractures. Subacute fractures show callus formation
along the endplate. Osteoporotic fractures may only
show minimal increase in density, because the overall
bone density is already low. MRI is more sensitive,
showing bone marrow edema in acute and subacute
fractures (Link et al. 2005).

Vertebral compression fractures are classified as
crush, wedge (loss of anterior vertebral body height
with relative preservation of posterior body height),
and end-plate fractures. Wedge-type fractures may
lead to increased segmental kyphosis (Wasnich 1996).

Genant et al. (1993) evaluated vertebral fractures
in plain film radiographs and semi-quantitatively
characterized vertebral bodies as follows (Fig. 1):
• Grade 0 shows no fracture without reduction in

vertebral height.
• Grade 1 describes a mild fracture with a reduction

in vertebral height of 20–25%, compared with
adjacent normal vertebrae.

• Grade 2 shows a moderate fracture with a reduction
in height of 25–40%.

• Grade 3 represents a severe fracture with a reduc-
tion in height of more than 40%.
The discrimination of an osteoporotic from a

malignant vertebral body fracture is limited in plain
film radiographs.

Signs of osteoporotic vertebral fractures are
the typical localization in the middle thoracic and
the upper lumbar spine, a typical ‘‘fish-mouth’’ or
‘‘wedge-shaped’’ vertebra, further vertebral com-
pression fractures, an intravertebral vacuum phe-
nomenon and band-like sclerosis adjacent to the
vertebral endplates. A concave posterior border is
more likely a sign of an osteoporotic fracture, espe-
cially if there is some retropulsion of osseous
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fragments into the spinal canal. Osteoporotic fractures
usually show a more symmetric infraction of the
endplates without osteolyses, since the whole verte-
bral body is weakened (Laredo et al. 1995; Link et al.
2005). Figure 2 shows the a.p. and lateral radiographs
of a typical osteoporotic vertebral fracture.
Signs of malignancy are an inhomogeneous osseous
structure with osteolyses and sclerotic areas as a sign
of metastatic affection, a convex posterior border,
involvement of the pedicles (vanished ‘‘eyes of the

vertebra’’; Fig. 3a), fractures of the posterior part of the
vertebral body, a paraspinal soft tissue mass, and
localization above Th 7. An asymmetric height loss in
antero-posterior (a.-p.)-projection is also a sign of
malignancy, since an osteolysis is often asymmetrically
located at one side of the vertebra (Sartoris et al. 1986;
Link et al. 2005). Figure 3 shows the a.p. and lateral
radiographs of a typical malignant vertebral fracture.

Table 1 gives an overview of the X-ray and CT
features of benign and malignant vertebral fractures.

Fig. 1 Spinal fracture index
according to Genant et al.
(1993)

Fig. 2 65-year-old patient
with a typical osteoporotic
fracture of Th 12. a A.p.
radiograph showing a
symmetric infraction, since
the whole vertebral body
is weakened; b lateral
radiograph showing a
severe wedge deformity
(Genant Grade 3)

Differentiation of Benign and Malignant Vertebral Compression Fractures 147



Sartoris et al. (1986) examined the radiographic
patterns of 99 autopsy specimens with vertebral body
collapse and endplate deformity of the thoracolumbar
spine and found that angling of endplates was highly
predictive of a malignant cause, whereas concavity
was more suggestive of a benign disease. Focal versus
diffuse involvement, the position of the apex of
collapse, the condition of adjacent disks, and level of
involvement within the spine appeared to be less
important differentiation features.

However it must be stated, that in most cases a
reliable distinction between acute benign and malig-
nant vertebral compression fractures is not possible
with plain film radiographs only.

2.2 Computed Tomography

In comparison with plain film radiographs, CT as a
cross sectional method has a higher sensitivity and
specificity. It is well-suited to assess the stability of an
osteolytic lesion or fracture since it directly visualizes
the osseous structures and demonstrates fracture lines
in detail, but is less sensitive than MRI in depicting
bone marrow and soft tissue pathology.

Sagittal and coronal reformations are fundamental
for the differentiation between benign and malignant
vertebral compression fractures. Early studies showed

a weaker diagnostic accuracy of some morphologic
CT signs (Laredo et al. 1995), presumably because
they used only axial CT images with relatively thick
slices (5 mm), whereas newer studies (Kubota et al.
2005) used axial images as well as sagittal and
coronal multiplanar reconstructions with a thinner
slice thickness of 0.7–1 mm, and therefore had a more
detailed view of the fractures.

Osteoporotic fractures
Laredo et al. (1995) evaluated the CT findings in

34 benign and 32 malignant cases of nontraumatic
acute vertebral collapse. Cortical fractures without
associated cortical destruction (called ‘‘puzzle sign’’)
were an almost constant finding in osteoporotic frac-
tures and rather specific, since they were only seen in
9% of the malignant fractures. Another study by
Kubota et al. (2005) revealed an accuracy up to 98.7%
(sensitivity 97.8%, specificity 100%) for fractures of
the anterolateral and/or posterior cortex without any
cortical destruction of the vertebral body as a very
reliable sign of a benign fracture.

Retropulsed bone fragments (Fig. 8a) of the
superior or posterior corner of the vertebral body are
very specific for an osteoporotic fracture (specificity
up to 97%), and must be distinguished from a diffuse
bulging of the posterior cortex, which is a rather
common finding in malignant vertebral collapse
(Laredo et al. 1995).

Fig. 3 55-year-old patient
with a typical malignant
fracture of L2. a A.p.
radiograph showing an
asymmetric infraction (arrow)
and involvement of the left
pedicle (vanished ‘‘eye of the
vertebra’’) (arrowheads);
b lateral radiograph showing
an angling of the end-plate
(arrow)
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Fracture lines within the vertebral body are,
although non-specific, a suggestive finding of an
osteoporotic fracture, as well as defined margins of
the fracture lines which are suggestive of a benign
origin (Laredo et al. 1995).

Noninfectious gas collections in preformed or
artificial areas of the vertebral body, where normally
no gas accumulations are found, are called vacuum
phenomena. They can be observed in various joints
without having pathological relevance and are often
seen in degenerative intervertebral discs. Patients with
osteoporosis have a low vascularization and a high fat
content of the vertebral bone marrow. The exact
mechanism of the intravertebral vacuum cleft (Fig. 4)
is still controversial. It is assumed that the forma-
tion of gas in the vertebral body is a reaction to the

negative pressure, which arises when the initially
compressed trabecular bone is partially distracted due
to movement forces (Stäbler et al. 1999). There is
possibly some form of pseudarthrosis following
osteonecrosis (Hasegawa et al. 1998). The intraver-
tebral vacuum cleft may be a stable phenomenon
(Lafforgue et al. 1997) or can be replaced by fluid on
MRI after supine positioning of the patient (Fig. 4)
(Malghem et al. 1993; Linn et al. 2009).

Several studies on osteoporotic and malignant
vertebral fractures found the intravertebral vacuum
phenomenon only in cases of osteoporotic fractures
(Golimbu et al. 1986; Laredo et al. 1995; Kubota et al.
2005). Exceptions are fractures in patients with
plasmacytoma, where intravertebral vacuum has also
been detected (Resnick et al. 1981; Kumpan et al. 1986;

Table 1 X-ray and CT features of benign and malignant vertebral fractures

Benign osteoporotic fracture Malignant fracture

Localization in middle thoracic and upper lumbar
spine below Th 7

Localization above Th 7

Concave posterior border—retropulsion of bony
fragments

Convex posterior border (bulging)

Intravertebral vacuum No intravertebral vacuum—soft tissue density

Symmetric infraction (in a.p. view), wedge-shaped
or fish-like vertebra

Asymmetric infraction (in a.p. view), Involvement of the pedicles
(vanished ‘‘eyes of the vertebra’’)

Homogeneous osseous structure Inhomogeneous osseous structure with osteolyses and sclerotic areas

Band-like sclerosis adjacent to vertebral cover plate Fractures of the posterior part of the vertebra

Fig. 4 72-year-old patient
with an osteoporotic fracture.
a Sagittal CT in bone window
showing the intravertebral
vacuum (arrow);
b corresponding T2-w MRI
showing the ‘‘fluid sign’’ with
a fluid-like hyperintense
signal intensity (arrow) in
the fractured vertebral body.
The intravertebral vacuum
and the intravertebral fluid are
typical signs for the benign
cause of the fracture
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Fig. 5 67-year-old patient with breast cancer and typical
metastatic fractures of Th 9–11 and metastasis in L1. a STIR
image showing the posterior cortical bulging with narrowing
of the spinal canal (arrows). Further metastasis in the
non-fractured L1 (asterisk); b corresponding T2-w image;
c sagittal CT in bone window showing cortical destruction
and destruction of the cancellous bone; d corresponding CT in

soft-tissue window showing the cortical destruction and a soft-
tissue mass (arrows). Intradiscal (not intravertebral!) vacuum
(arrowheads) due to osteochondrosis; e axial CT of Th
10 in bone window showing a cortical destruction (arrow);
f corresponding axial CT in soft-tissue window showing the
soft-tissue mass that causes cortical destruction (asterisk)
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Gagnerie et al. 1987). Other extremely rare cases of
intravertebral gas are infections with gas-producing
bacteria (Bhalla and Reinus 1998).

As shown by Stäbler et al. (1999), there is a clear
connection between the amount of reduction of the
bone marrow density (BMD) and the occurrence
of intraosseous vacuum phenomenon. The vacuum
phenomenon is indicative of osteoporotic fractures
due to its high specificity (up to 100%) if plasmacy-
toma is excluded (Kubota et al. 2005).

Some authors described a thin paraspinal soft
tissue mass surrounding the whole vertebral body,
which could be detected in some osteoporotic verte-
bral body fractures. Laredo et al. (1995) described it
in 41% of the osteoporotic fractures, and in 12% of
the malignant fractures. It is usually less than
5–10 mm thick and shows an equal thickness all
around the vertebral body, or a slight predominance
around the anterior aspect of the vertebra. This
paraspinal soft tissue mass may either represent a
traumatic paravertebral hematoma, a post-fracture
reparative process or an expression of bone marrow
out of the vertebral body due to the compression
forces (Laredo et al. 1995; Kubota et al. 2005), and
must be differentiated from thick and focal soft tissue
masses due to malignant infiltration.

Malignant fractures
The destruction (i.e. osteolysis) of the anterolat-

eral and/or posterior cortex of the vertebral body is
an extremely reliable sign of malignancy (up to 100%
accuracy for destruction of the posterior cortex)
(Fig. 5). It is one of most frequent CT findings in
malignant compression fractures and suggests, that
the destruction of the vertebral cortex is the most
common trigger of vertebral body collapse in cases of
malignancy (Kubota et al. 2005). CT better differen-
tiates cortical bone comminution and burst fragments
from cortical destruction than plain film radiographs,
where all these findings appear as bone destruction
(Sattari et al. 2008).

Laredo et al. (1995) reported in their study, that
destruction of cortical bone was less common in mye-
lomatous compression fractures than in metastatic
ones. An advanced destruction of cancellous bone with
relative preservation of cortical bone was considered to
be a characteristic CT sign of myelomatous fractures.

Since many metastases present as soft tissue masses,
destroying the vertebral structure (Moulopoulos et al.

1999), an epidural mass is highly specific (sensitivity
66.7%, specificity 97–100%, accuracy 85.9%) of
malignant vertebral fractures (Laredo et al. 1995;
Kubota et al. 2005). It usually has a convex or bilobated
appearance and has to be carefully differentiated from a
flatly shaped epidural soft tissue mass, sometimes
appearing in osteoporotic fractures, that most likely
represents epidural veins, that are displaced by the
extruded bone marrow from the vertebral collapse
(Sattari et al. 2008).

Metastatic paraspinal soft tissue masses in malig-
nant fractures are typically focal and often involve only
one part of the periphery of the vertebral body (Fig. 5).
This sign is highly specific (specificity 100%) and has a
sensitivity of 54.5% and an accuracy of 80.8% (Kubota
et al. 2005). They are usually more than 10 mm thick
and must be differentiated from the thin paraspinal
masses surrounding the entire vertebral body, which
are observed in osteoporotic fractures, and probably
equal pressed out bone marrow or hematoma (Laredo
et al. 1995).

The destruction of a pedicle (Fig. 5) is a highly
specific finding of a malignant vertebral fracture.
Metastases are frequently detected in the posterior
aspects of the vertebral bodies, expanding into the
posterior vertebral structures (Lecouvet et al. 1997),
which can be explained by the particular blood sup-
port of the vertebral bodies (Batson 1940). Laredo
et al. (1995) showed a specificity of 100% for
destruction of the pedicles. The study by Kubota et al.
(2005) reported similar values (sensitivity 51.5%,
specificity 100%, accuracy 79.5%).

The destruction of the cancellous bone of the ver-
tebral body (Fig. 5) was demonstrated as a reliable sign
of malignancy (up to 97.4% accuracy) (Kubota et al.
2005). Another study by Laredo et al. (1995) showed a
weak specificity (70%) for malignancy, since they
observed some degree of destruction in 29% of the
osteoporotic fractures, which was discussed as part of
the healing response to the fracture. Probably Laredo
et al. (1995) may have misinterpreted fracture lines as a
destruction of cancellous bone, since they used only
axial images and relatively thick slices (5 mm).

Other rather specific but not very sensitive signs of
malignancy in the study by Kubota et al. (2005) are
the destruction of the endplate (sensitivity 33.3%,
specificity 100%, accuracy 71.8%), and a diffuse
paraspinal soft tissue mass[5 mm (sensitivity 51.5%,
specificity 100%, accuracy 85.9%).
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Table 1 gives an overview of the X-ray and CT
features of benign and malignant vertebral fractures.

Less useful findings in differentiating benign and
malignant vertebral fractures

Sclerosis, marked comminution of the cancellous
bone, Schmorl’s nodes and fracture of a pedicle had
little or no value in the differentiation of benign from
malignant vertebral fractures in the study by Laredo
et al. (Laredo et al. 1995).

2.3 Magnetic Resonance Imaging

MRI is the method of choice to visualize bone mar-
row, while osseous structures are not well depicted
due to their low proton density. Chronic benign ver-
tebral fractures can be easily detected due to an
absence of abnormal signal intensity on STIR and
T1w images in the compressed vertebra (An et al.
1995; Jung et al. 2003). The distinction between
metastatic and acute osteoporotic vertebral fractures
on the basis of MR imaging findings has a sensitivity
of 85–100%, a specificity of 79–100%, and an accu-
racy of 86–95%, depending on the patient population
(Frager et al. 1988; An et al. 1995; Shih et al. 1999;
Jung et al. 2003).

Osteoporotic fractures
In osteoporotic compression fractures the vertebral

body appears hypointense on T1-w images and
hyperintense on fat saturated sequences such as STIR
(Yuh et al. 1989; Baker et al. 1990; Cuenod et al.
1996; Leeds et al. 2000). T2-w images show a normal
or heterogeneously to homogenously abnormal sig-
nal, which may be related to the age of the fracture
(Yuh et al. 1989). Areas corresponding to the fracture
line or trabecular impaction can be seen on T2-w
images as linear regions with low signal (Uetani et al.
2004). The acute signal abnormalities are mostly
incomplete or band-like (Yuh et al. 1989; Baker et al.
1990; Cuenod et al. 1996; Baur et al. 1998, 2002b)
(Fig. 6a) and appear well-defined in about 71% and
ill-defined in about 29% of the cases (Shih et al.
1999). Figure 7 shows a typical acute and typical old
osteoporotic fracture.

Contrast-enhanced T1-w images show a complete or
partial equalization of the signal intensity in comparison
with normal, not fractured vertebrae, termed ‘‘return to
normal signal intensity’’ (Cuenod et al. 1996). Acute
cases of osteoporotic collapse may show an intense
contrast-enhancement (Cuenod et al. 1996). Subacute
or chronic benign fractures show a slight enhancement
that can either be homogenous or heterogeneous with

Fig. 6 75-year-old patient with a typical osteoporotic fracture
and diffusion-weighted SSFP (PSIF). Sagittal STIR image
(a) showing a strong edema (arrows) within the fractured L1
vertebral body. Diffusion-weighted SSFP with delta = 3 ms

(b) showing mildly hypointense signal intensity within the
edema (arrows) in comparison with normal vertebral marrow
(asterisk). PSIF with delta = 6 ms (c) showing stronger
hypointensity with higher diffusion weighting (arrows)
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greater enhancement in the posterior vertebral body,
which might be due to blood stasis as a result of fracture
(Shih et al. 1999). Accordingly, contrast-enhancement
in the vertebral body is no reliable sign to distinguish
benign and malignant vertebral fractures until edema
has been absorbed.

On T1-w images most benign fractures show some
amount of normal fatty marrow that is opposite to the
fractured endplate. The band-like hypointense region
adjacent to the preserved marrow is considered spe-
cific for osteoporotic collapse (An et al. 1995; Cuenod
et al. 1996; Moulopoulos et al. 1996). Fibrotic
replacement of bone and marrow after a fracture can

cause temporary hypointensity on T1-w images and
might be mistaken for malignancy (Vaccaro et al.
1999). Nineteen percent of cases of benign collapse
show focal areas of signal abnormality in other
adjacent vertebrae that often corresponds to benign
fracture lines, bone impaction or Schmorl’s nodes, but
cannot always be differentiated from metastasis with
T1-w imaging alone (Cuenod et al. 1996). Osteopo-
rotic fractures without remaining fatty marrow and a
resulting complete vertebral body involvement can
easily be confused with malignant fractures (Fig. 10)
(Moulopoulos et al. 1996; Baur et al. 1998). Histology
in osteoporotic vertebral compression fractures shows

Fig. 7 66-year-old patient with a typical acute osteoporotic
fracture in L4 (asterisk) and a typical old osteoporotic fracture
in Th 12 (arrow). a STIR image showing a high signal intensity
in the acute fracture in L4 and an isointense signal intensity in
the old fracture in Th 12. The acute fracture (asterisk) shows a

high signal intensity area in the T2-w image (b) and a low
signal intensity in the T1-w image without fat-saturation (c) due
to edema. The healed fracture (arrow) shows a high signal
intensity in the T2-w (b) and in the T1-w image without fat-
saturation (c) due to fatty replacement
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bone marrow edema, fibrosis, increased trabecular
turnover, and hemorrhage.

The size of the altered signal remains unchanged in
the initial 2–4 months and then gradually reverts to
normal. The time to complete restoration of the nor-
mal marrow signal intensity is variable (3–6 months)
(Yuh et al. 1989; Cuenod et al. 1996), but usually
does not exceed 12 months. Healed fractures usually
show again hyperintense signal on T1-w SE and
hypointense signal on fat suppressed images, such as
STIR, and do not enhance with contrast (Fig. 7).
Often the fat signal is even higher than in the

neighboring vertebral bodies due to a higher amount
of fat cells within the healed vertebral body.

The retropulsion of a posterior or posterosuperior
bone fragment of the vertebral body into the spinal
canal (Fig. 8) is highly specific of an osteoporotic
fracture (specificity 89–100%), but an intermediate to
low sensitivity (16–60%) has been reported (Tan et al.
1991; Cuenod et al. 1996; Jung et al. 2003). One
study (Tan et al. 1991) showed this finding only in
osteoporotic fractures. Another study found retro-
pulsion of bony fragments in both osteoporotic
and malignant vertebral fractures, but significantly

Fig. 8 75-year-old patient
with an acute osteoporotic
fracture of L2. Sagittal CT
(a) showing a retropulsion of
a bony fragment into the
spinal canal (arrow). Also the
both caudal vertebral bodies
are fractured. There is also a
small vacuum sign adjacent to
the fractured vertebral cover
plate (arrowhead).
Corresponding sagittal STIR
(b), T2-w (c) and T1-w
(d) images
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associated with osteoporotic fractures (Jung et al.
2003). Usually the retropulsed fragment does not lead
to a significant spinal stenosis (Cuenod et al. 1996).

Multiple compression fractures are a rather weak
sign of osteoporotic fractures, since they are also
typical in multiple myeloma. In a study on 55 acute
osteoporotic and 27 malignant vertebral compression
fractures, Jung et al. (2003) found a significant cor-
relation of multiple compression fractures with non-
malignancy. However this is not a reliable sign. In
patients with myeloma a mixture of signs may be
present. Myeloma patients may show the typical focal
soft-tissue lesion within a vertebral body, leading to a
fracture due to osteolysis. On the other hand, some
patients have diffuse disease, leading to diffuse oste-
oporosis and thus multiple vertebral fractures. Under
these circumstances the amount of tumor cells may be
limited. Therefore the fractures do not show the typ-
ical signs of a pathologic fracture (Lecouvet et al.
1997). In addition to that, myeloma patients are usu-
ally elderly subjects with preexisting osteoporosis
which can by itself lead to osseous weakening and
therefore to an osteoporotic fracture. Rupp et al.
(1995) performed a study on 18 malignant and 16
osteoporotic vertebral compression fractures includ-
ing patients with multiple myeloma, and did not find
any significant difference between osteoporotic and
malignant vertebral compression fractures.

The fluid sign is defined as a focal, linear, or tri-
angular area of strong (‘‘fluid-like’’) hyperintensity on
STIR images on a background of diffuse hyperinten-
sity in the vertebral body because of acute collapse
(Fig. 4). The signal intensity of the fluid sign has to be
equivalent to that of cerebrospinal fluid. In a former
study (Baur et al. 2002b), we showed, that the fluid
sign is significantly associated with osteoporotic
vertebral fractures, while rarely seen in malignant
fractures. Osteoporotic fractures show a significant
correlation of the fluid sign with the severity of the
fracture. The fluid sign corresponded to osteonecrosis,
edema, and fibrosis in histological examination.

Malignant fractures
Spin-echo T1-w images mostly show a complete

replacement of normal bone marrow with diffuse
hypointense signal in the whole vertebral body
(Cuenod et al. 1996). Spin-echo T2-w images show an
isointense to hyperintense signal with a homogeneous
(Baker et al. 1990) or heterogeneous (Cuenod et al.

1996) pattern. After intravenous administration of
gadolinium-containing contrast agent, the signal is
hyperintense on T1-w fat suppressed images compared
to surrounding normal marrow (Leeds et al. 2000) with
mostly heterogeneous enhancement due to uneven
blood supply or tumor necrosis (Shih et al. 1999).
However, up to 33% of the cases show incomplete
marrow replacement with small areas of preserved fatty
marrow. Usually the marrow replacement in malignant
fractures is circumscribed and focal, whereas in oste-
oporotic fractures it is band-like or diffuse (Yuh et al.
1989; Cuenod et al. 1996). Figure 9 shows a malignant
vertebral fracture due to breast cancer.

The signal changes of malignant fractures com-
monly progress or persist and do not show a return to
normal signal, because tumor persists without resto-
ration of normal fatty bone marrow.

Most malignant compression fractures do not only
show involvement of the bone marrow of the vertebral
body, but also of the pedicles and the neural arch.
Involvement of the pedicles has a sensitivity of 80%,
a specificity of 94%, a positive predictive value of
86% and a negative predictive value of 91% for a
malignant fracture (Cuenod et al. 1996). In the cases
with pedicle involvement, there is a complete affec-
tion in 75% and an incomplete affection in 25%
(Moulopoulos et al. 1996). About 55% of the cases
with pedicle involvement show an expansion of the
pedicles (Shih et al. 1999). However abnormal signal
intensity in pedicles can also be observed on contrast-
enhanced T1-w images with fat suppression or on STIR
images due to extension of the edema into the pedicle
in up to 9% of the cases in osteoporotic fractures
(Kaplan et al. 1987; Yuh et al. 1989; Jung et al. 2003).
Additional CT can help excluding a fracture of the
pedicles that may be responsible for the signal changes.
Ishiyama et al. (Ishiyama et al. 2010) found frequent
pedicle involvement in the early phase of osteoporotic
compression fractures and suggested, that the diagno-
sis of a malignant fracture should not be assumed when
pedicle involvement is the only present sign (Fig. 10).

Epidural soft-tissue masses are, if present, a highly
specific sign for malignant vertebral collapse
(Fig. 9e), especially when it is an encasing epidural
mass (Tan et al. 1991; Jung et al. 2003). The tumor
tissue spreads out of the vertebral body and grows
into the spinal canal. The specificity of this sign for a
malignant vertebral fracture is up to 100%, and its
sensitivity is 80% (Cuenod et al. 1996).
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Focal paraspinal masses caused by tumor growth
are, if present, typical for metastatic compression
fractures and have a sensitivity of 41%, a specificity
of 93% and an accuracy of 75% (Jung et al. 2003).

In malignant compression fractures, the underlying
tumor leads to an expansion of the vertebral body
which results in a convex bulge involving the whole
posterior cortex (Fig. 9). This sign has a sensitivity of

70–74%, a specificity of 80–94%, a positive pre-
dictive value of 84%, a negative predictive value of
87% and an accuracy of up to 78% (Cuenod et al.
1996; Jung et al. 2003). However, it is also seen in
2–19% of osteoporotic fractures, probably caused by
bone marrow pushed out during the collapse (Rupp
et al. 1995; Cuenod et al. 1996; Moulopoulos et al.
1996).

Fig. 9 64-year-old patient with a typical malignant fracture
of Th 3 due to breast cancer. a CT in bone window showing a
mainly sclerotic metastasis in the fractured vertebra and
a posterior bulging (arrow); b sagittal STIR image showing a
hyperintense signal in the whole fractured vertebral body
(asterisk), a posterior bulging (arrow) and another metastasis
(arrowhead) in an adjacent vertebral body; c corresponding
T2-w image showing hypointense signal in the whole fractured

vertebral body due to the mainly sclerotic nature of the
metastases (asterisk). The spinal canal is narrowed (arrow).
Sagittal T1-w images before (d) and after (e) i.v. administration
of Gadolinium-containing contrast agent showing enhancement
in the fractured vertebral body (asterisk) and the further
metastasis in Th 2 (arrowhead). Please also note the contrast
enhancing epidural tumor mass (arrow) in (e)
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Frequently well-demarcated round signal abnor-
malities in the marrow of other than the collapsed
vertebrae can be found, indicating other spinal metas-
tases (Fig. 5) (Cuenod et al. 1996; Jung et al. 2003).

Table 2 gives an overview of the MRI features of
benign and malignant vertebral fractures.

The described morphological features may help in
the differentiation of benign and malignant fractures
in most of the cases, but especially in acute (Tan et al.
1991) and subacute (Frager et al. 1988) fractures,
unequivocal results can lead to a wrong diagnosis.
Correlation with other imaging techniques like CT,
follow-up imaging or, in selected cases, bioptic
samples may help in making the correct diagnosis. CT
provides information on the osseous structures, that
cannot reliably be depicted by MRI, and often shows
destruction of the cortical bone, cancellous bone, and
pedicle in malignant fractures, as mentioned before
(Laredo et al. 1995).

Since vertebral fractures due to multiple myeloma
often have the appearance of benign osteoporotic
fractures on MRI (Lecouvet et al. 1997), they should
be taken in consideration in cases of non-traumatic,
benign-appearing vertebral compression fracture
(Uetani et al. 2004).

New MR imaging techniques of bone marrow like
diffusion-weighted imaging (DWI), perfusion imag-
ing and chemical-shift imaging, as well as PET-CT
techniques can provide additional information, which
may help in differentiating acute benign and malig-
nant vertebral fractures in cases where morphological
CT and MRI signs are insufficient in the determina-
tion of fracture etiology. These emerging techniques
are discussed in the following chapters.

3 Advanced Techniques
for the Differentiation of Benign
and Malignant Vertebral Fractures

3.1 Diffusion-Weighted Imaging

Conventional MRI is very sensitive but not always
specific in the differentiation of acute osteoporotic
and malignant vertebral fractures. Several studies
suggested that diffusion-weighted MR imaging
(DW-MRI) could be useful to distinguish between
benign and malignant vertebral compression fractures
(Baur et al. 1998; Park et al. 2004; Thurnher and
Bammer 2006; Oztekin et al. 2009).

There are two ways to assess vertebral fractures
with DWI-MRI. On one hand, the signal intensity of
diseased vertebrae can be compared with normal
appearing vertebrae and can be qualitatively charac-
terized as hypo-, iso- or hyper-intense. On the other
hand, quantitative imaging uses the apparent diffusion
coefficient (ADC) that is calculated using two or more
images with different diffusion weightings (b-values).
These ADC values can be used to characterize the
lesions quantitatively.

Acute osteoporotic fractures show an increased
diffusion with low signal intensity on diffusion-
weighted scans and high values on ADC maps, which
is explained by the disruption of the trabecular struc-
ture and bone marrow edema in the diseased vertebrae.

Malignant fractures tend to be associated with
restricted diffusion, i.e. high signal intensity on diffu-
sion-weighted scans and lower values on ADC maps.
In spinal tumors with vertebral body compression

Table 2 MRI features of benign and malignant vertebral fractures

Benign osteoporotic fracture Malignant fracture

Spared normal bone marrow, incomplete or band-like
signal changes

Complete replacement of normal vertebral bone marrow, diffuse
hyperintense signal on STIR

Isointensity after Gd on T1w images (‘‘return to
normal signal intensity’’)

High/inhomogenous SI after Gd on T1w images

No involvement of the pedicles and the neural arch Involvement of the pedicles and the neural arch

Intravertebral ‘‘fluid sign’’ No intravertebral ‘‘fluid sign’’

No or only thin surrounding paraspinal mass Epidural soft tissue mass—focal paraspinal mass

Retropulsion of posterior bone fragment into spinal
canal

Bulging of posterior cortex

Other (old) osteoporotic fractures Other spinal metastases

Differentiation of Benign and Malignant Vertebral Compression Fractures 157



fractures, increased tumor cell packing leads to a smaller
and more restricted extracellular space, resulting in
increased signal from restricted water protons, as has
been observed in lytic metastases (Baur et al. 2003).

The reverse fast imaging with steady-state free-
precession (PSIF) sequence is a diffusion-weighted
steady-state free-precession (SSFP) sequence, where
only a single (monopolar) diffusion gradient is
inserted into each repetition time (TR). The exact
quantification of ADC is not possible with this
sequence, due to the influence of many different
parameters (Dietrich et al. 2009). In a first study (Baur
et al. 1998), we evaluated the usefulness of the PSIF
sequence in the differentiation of 22 acute benign and
39 acute malignant vertebral body fractures, and
showed that all benign vertebral compression
fractures were iso- or hypo-intense, while malignant
fractures were hyper-intense in comparison with
normal adjacent vertebral bodies. In another own
study (Baur et al. 2002a), we examined a larger group
of patients, where hyperintensity as a sign of
malignancy in a vertebral fracture on PSIF pro-
vided a sensitivity of 100%, a specificity of 93%, a
positive predictive value of 91% and a negative
predictive value of 100%. The PSIF sequence is
relatively fast and insensitive to bulk motion. Using a

diffusion-weighted SSFP sequence, the differences
between benign and malignant vertebral body frac-
tures are clearer than when using alternative pulse
sequences like single-shot EPI, single-shot TSE, or
conventional spin-echo or stimulated-echo sequences
(Dietrich et al. 2009). Figures 6 and 11 show an
osteoporotic and a malignant vertebral fracture on
STIR and diffusion-weighted SSFP sequences (PSIF).

Hypointense vertebral metastases in diffusion-
weighted SSFP (Castillo et al. 2000) may be explained
by former treatment with radiotherapy or sclerosis
with lower water content (Dietrich et al. 2009).
Sclerotic vertebral metastases of prostate cancer show
less signal than metastases of other tumors
(Hacklander et al. 2006). In a meta-analysis of eight
studies, it could be shown, that lesions classified as
‘‘hypointense’’ or ‘‘hypointense and isointense’’ were
significantly more likely to be benign (Karchevsky
et al. 2008).

Using PSIF with a diffusion-pulse length of 3 ms
provides the best differentiation of benign and
malignant fractures. In unclear cases, an additional
diffusion-pulse with a length of 6 ms can be applied,
where osteoporotic fractures become hypointense,
while malignant fractures remain hyperintense
(Baur et al. 2001, 2002a). Because the contrast to

Fig. 10 68-year-old patient with a typical osteoporotic frac-
ture of L2. The sagittal STIR image (a) shows a high signal
intensity in the pedicle (arrow). The sagittal T1-w image
(b) shows a low signal intensity in the pedicle (arrow). Signal

changes in the whole vertebral body (asterisk) plus involve-
ment of the pedicles are usually signs of malignancy, but can
also be observed in osteoporotic fractures due to extension of
edema or fracture in the pedicles
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normal bone marrow is used, patients with known
hematologic disorders like osteomyelofibrosis or
leukemia should not be evaluated with a PSIF
sequence (Baur et al. 2002a).

Figures 6 and 11 show a typical osteoporotic and a
typical malignant vertebral fracture on STIR and
diffusion-weighted SSFP sequences (PSIF).

Another imaging technique, echo-planar imaging
(EPI), decreases acquisition time, but general prob-
lems of this technique are a limited spatial resolution,
sensitivity to eddy currents and local susceptibility
gradients, as well as chemical-shift (Le Bihan 1998).
Oztekin et al. (2009) used diffusion-weighted EPI
with a b-value of 300 s/mm2 and examined patients
with osteoporotic and traumatic vertebral fractures
and vertebral tumor infiltration. A hyperintense signal
was highly sensitive and specific for metastatic
tumor infiltration (93% sensitivity, 90% specificity).
Sclerotic metastases were found to be hypointense.

Tang et al. (2007) examined the influence of the
b-value in the differentiation of benign and malignant
vertebral compression fractures using EPI with spectral
presaturation and inversion recovery (SPIR) and b-val-
ues of 0–800 s/mm2. They found that b-values around
300 s/mm2 provided the best differentiation between
benign and malignant fractures. All malignant fractures
were hyperintense, while most benign fractures were
isointense and a few slightly hyperintense at this b-value.

Park et al. (2004) used a diffusion-weighted single-
shot fast spin-echo sequence with a b-value of 500 s/
mm2. In this study, all benign fractures had low signal
intensities on diffusion-weighted images. Malignant
vertebral tumors showed a heterogeneous signal
behavior with hypointensity in 58%, intermediate
signal intensity in 25%, and hyperintensity in 6%.
With a high or intermediate signal intensity indicating
malignancy, the study found a high specificity of 95%
but a low sensitivity of 42%. The authors concluded
that the differences in the malignant lesions were due
to patient selection bias and different degrees of T2
shine through effect.

The differences in the signal behavior in the
studies mentioned above may be explained by the
different diffusion weightings, the different sequence
types and sequence parameters. At low b-values
\150 s/mm2, the diffusion effect can be overesti-
mated due to the contribution of perfusion and T2
shine through effect (Chan et al. 2002; Herneth et al.
2005), while high b-values [600 s/mm2 may lead to
an underestimation due to signal intensities compa-
rable with the noise level (Dietrich et al. 2009).

Several studies applied quantitative DWI to normal
and pathological vertebral bone marrow. Although the
results showed a certain variability, the majority of the
studies revealed typical ADC ranges associated with
normal and pathological bone marrow. Normal bone

Fig. 11 71-year-old patient with a malignant fracture of
L3 due to metastasis of adenocarcinoma and diffusion-
weighted SSFP (PSIF). Sagittal STIR image (a) showing
edema in the whole vertebral body and end plate fractures.

Diffusion-weighted SSFP with delta = 3 ms (b) and del-
ta = 6 ms (c) showing a hyperintense signal intensity
in the edema (asterisk) in comparison with normal vertebral
marrow
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marrow shows ADCs of 0.2–0.5 9 10-3 mm2/s.
Metastases or malignant fractures range from *0.7 to
1.0 9 10-3 mm2/s, osteoporotic or traumatic fractures
show ADCs of *1.0–2.0 9 10-3 mm2/s (Dietrich
et al. 2009). Studies always showed a remarkable
overlap, which limited the value of quantitative DWI in
differentiating between benign and malignant frac-
tures. Figures 12 and 13 show the ADC maps of a
malignant and an osteoporotic fracture.

The calculation of ADC values eliminates the
influence of the T2 weighting and depicts the cellular
barriers in the tissue, but low signal-to-noise-ratio in
diffusion-weighted fast spin-echo sequences is a
major source of error, that leads to an overlap and
diminishes accuracy (Zhou et al. 2002). The most
important influence is the application of fat saturation,
which is required for single-shot EPI but is optional in
combination with SE or FSE techniques. Because the
ADC of vertebral fat is close to zero, the ADCs of
normal bone are systematically decreased, when fat
saturation is not applied (Dietrich et al. 2009).

Using a fast spin-echo diffusion-pulse sequence
with b-values of 0–250 s/mm2, Zhou et al. (2002)
showed, that metastatic vertebral fractures show ADC
values of 1.9 9 10-4 mm2/s ± 0.3 9 10-4 mm2/s
and benign fractures show ADC values of
3.2 9 10-4 mm2/s ± 0.5 9 10-4 mm2/s with signif-
icant differences between both groups, but with a
substantial overlap. Lesions were better separated on
the basis of ADC values than on conventional T1-w,
T2-w, contrast-enhanced T1-w or qualitative diffu-
sion-weighted images. Sensitivity, specificity, and
accuracy were not reported.

Biffar et al. (2010a) examined 24 osteoporotic ver-
tebral fractures and 20 malignant vertebral fractures
and showed, that DW-ssTSE (b-values 100, 250, 400,
600 s/mm2) could significantly discriminate between
both entities showing a sensitivity of 65% and speci-
ficity of 88% at an ADC of 1.49 9 10-3 mm2/s as a
cutoff-value. DW-EPI showed no statistical differences
due to an underestimated signal attenuation and gross
geometrical image distortions caused by susceptibility
heterogeneities.

Chan et al. (2002) examined 25 acute osteoporotic
fractures in 18 patients, 18 acute malignant fractures in
12 patients and 6 acute fractures due to tuberculosis in
2 patients, with a diffusion-weighted EPI sequence at
1.5 T. ADC values were calculated, using b-values of
200, 500, 800, and 1,000 s/mm2. The quantitative

evaluation showed mean ADC values of
0.82 9 10-3 mm2/s for malignant fractures, and
1.92 9 10-3 mm2/s for osteoporotic fractures, revealing
a significant difference between these two entities
(p \ 0.001). Fractures due to tuberculosis (mean ADC
0.98 9 10-3 mm2/s) were
not significantly different from malignant fractures.
Additionally, the signal intensities of the collapsed ver-
tebral bodies were qualitatively assessed at a b-value of
1,000 s/mm2, where all benign acute vertebral fractures
were hypointense. The malignant fractures were hyper-
intense, except sclerotic metastases, which were hypo-
intense and showed ADC values close to zero.

In a meta-analysis Karchevsky et al. (2008)
reviewed 4 studies assessing the ADC values of benign
and malignant vertebral fractures and showed,
that mean ADC values in benign fractures were
significantly higher than malignant fractures with a
standardized mean difference (SMD) of 2, 8 and a 95%
confidence interval for the SMD of 2.1 to 3.5. Mean
ADCs of pathologic fractures and malignant lesions
were in the range from 0.19 to 0.853 9 10-3 mm2/s,
benign fractures showed ADCs from 0.32 to 1.94 9

10-3 mm2/s.
The ADC value shows significant differences

between benign and malignant vertebral fractures, but
all studies showed a remarkable overlap limiting its
specificity. Although the ADC value itself should be
independent from sequence type and sequence
parameters, the measured values are influenced by
sequence specific artifacts, range of used b-values,
application of fat saturation, noise, and perfusion
effects. DWI of bone marrow requires considerably
more robust imaging techniques than typical MRI of
the brain. Being still a technique undergoing active
research, DWI of the bone marrow provides a unique
imaging method, which can help in the differentiation
of benign and malignant vertebral fractures.

3.2 In-Phase/Opposed-Phase
(Chemical-Shift) Imaging

In-phase (IP)/opposed-phase (OP) imaging (also
known as chemical-shift imaging) uses the different
precession frequencies of water and fat protons due to
the differences in their molecular environment. Water
and fat protons are in-phase with one another at a TE
of 4.6 ms, and 180� opposed at a TE of 2.3 ms at
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1.5 T. When there are both fat and water protons in a
given voxel, there will be some signal intensity loss
on images that are obtained, when the protons are in
their opposed-phase, without a refocusing pulse. More
signal intensity loss occurs when the volume of fat
and water is roughly equal (Erly et al. 2006). The
percentage decrease of the bone marrow signal
intensity on opposed-phase images compared with
in-phase images (Zajick et al. 2005) or the relative
signal intensity ratio (signal intensityOP/signal inten-
sityIP) (Eito et al. 2004; Erly et al. 2006) can be
calculated for quantitative measurement.

Normal vertebral bone marrow has fat and water
components. In adults, the vertebrae, sternum, and
ribs contain hematopoietic red marrow, which has
about 40% fat content while yellow marrow contains
80% fat (Eastell 2007). Malignant neoplasms tend to
replace the fatty marrow components and therefore
cause a lack of suppression on the opposed-phase

images. Benign vertebral fractures usually show no
marrow displacement, which results in low signal
intensity on the opposed-phase images (Baker et al.
1990; Eito et al. 2004; Zajick et al. 2005; Erly et al.
2006). Figures 14 and 15 show the IP and OP images
and the calculated ratios of an osteoporotic and a
malignant vertebral fracture.

If vertebral bodies are highly deformed and com-
pressed, containing almost no water or fat, they may
show weak signal intensity in OP and IP images,
resulting in a high signal intensity ratio mimicking
malignancy. Therefore, signal intensity ratios may be
high because the decreased signal intensity is related
to decay resulting from the use of TEs of 2.3 to
4.6 ms. T1-w images can be used to show a signal
loss due to severe compression (Eito et al. 2004).
One study noticed the return of a malignant lesion
to a benign signal intensity ratio after treatment
with X-ray therapy, whereas the standard spin-echo

Fig. 12 71-year-old patient with a malignant fracture of L3
due to metastasis of adenocarcinoma and DWI. Sagittal STIR
image (a) showing hyperintense signal in the whole diseased
vertebral body. ADC maps calculated from DW-EPI (b)

and DW-HASTE (c) images showing average ADC values
of 0.9 9 10-4 mm2/s (DW-EPI) and 1.38 9 10-4 mm2/s
(DW-HASTE) (arrows)
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sequences remained abnormal, suggesting that in-
phase/opposed-phase imaging might be an early mar-
ker for response to treatment of osseous metastatic
disease, but studies on this are still lacking (Erly et al.
2006).

Eito et al. (2004) showed, that at 1.5 T normal non-
fractured vertebrae have mean signal intensity ratios
of 0.46 ± 0.14 (SD), whereas non-neoplastic frac-
tured vertebrae (mean 0.63 ± 0.21 SD) and malignant
compression-fractured vertebrae (mean 1.02 ± 0.11
SD) have higher signal intensity ratios (i.e. the signal
drop from in-phase to opposed-phase is highest in
normal vertebrae, whereas non-malignant fractures
and malignant fractures show less signal drop or even
increased signal intensity on opposed-phase images).
All three groups showed significant differences
between each other.

Erly et al. (2006) compared 29 benign compression
fractures and 20 malignant lesions at 1.5 T, and

showed a significant difference of the mean signal
intensity rates of benign vertebral compression frac-
tures (0.58 ± 0.02 SD) and malignant vertebral
compression fractures (0.98 ± 0.095 SD). Performing
ROC-analysis, a signal intensity ratio of [0.8 indi-
cating malignancy showed best discrimination of
benign and malignant vertebral fractures with a sen-
sitivity of 95% and a specificity of 89%.

Zajick et al. (2005) examined normal vertebral
bone marrow, benign lesions, and metastases. They
found a decrease in signal intensity for all normal
vertebrae (mean 58.5%) and for benign lesions
(endplate degeneration mean 52.2%, Schmorl’s nodes
mean 58.0%, hemangiomas mean 49.4%, benign
fractures 49.3%) on opposed-phase images. Metasta-
ses showed either a minimal decrease or an increase
of signal intensity (mean 2.8% decrease). Although
the results showed overlaps between the different
groups, the authors suggested a decrease in signal

Fig. 13 70-year-old patient with an osteoporotic fracture of L2
and DWI. Sagittal STIR image (a) showing hyperintense signal
in the whole fractured vertebral body. ADC maps calculated
from DW-EPI (b) and DW-HASTE (c) images showing higher

(compared with malignant fractures) average ADC values
of 1.25 9 10-4 mm2/s (DW-EPI) and 1.73 9 10-4 mm2/s
(DW-HASTE) (arrows)

162 A. Baur-Melnyk and T. Geith



Fig. 14 67-year-old patient with an osteoporotic fracture of L4
and chemical-shift imaging. STIR image (a) showing a band-
like edema (asterisks) adjacent to the impressed upper vertebral
end-plate (arrow). T1-w image (b) showing the hypointense
signal of the edema (arrows) and the preserved fatty marrow
adjacent to the opposite cover plate (arrowheads). Correspond-
ing in-phase (c) and opposed-phase (d) images showing a signal

drop on the opposed-phase image. A map showing the
calculated opposed-phase/in-phase ratio (e) exhibits a signal
drop of 39% corresponding to an opposed-phase/in-phase ratio
of 61% in the edema (asterisks). Normal fatty marrow shows a
greater signal drop due to the almost equal amount of fat and
water bound protons in normal marrow
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intensity of more than 20% on opposed-phase images
compared with in-phase images to be a reliable cut-
off threshold for benign vertebral bone marrow

abnormalities, while malignant vertebral bone mar-
row lesions show less than 20% decrease in signal
intensity.

Fig. 15 60-year-old patient
with a malignant fracture of
L3 due to metastasis of
hypopharyngeal carcinoma.
Sagittal STIR image
(a) showing hyperintense
signal in the whole diseased
vertebral body (arrow). T1-w
image (b) showing
hypointense signal (arrow).
Corresponding in-phase
(c) and opposed-phase
(d) images showing a slight
signal drop on the opposed-
phase image (arrow), while
normal vertebral bodies
(asterisk) show a great signal
drop. A map showing the
calculated opposed-phase/in-
phase ratio (e) exhibits a
signal drop of 9%
corresponding to an opposed-
phase/in-phase ratio of 91% in
the edema pattern (arrow).
Normal fatty marrow
(asterisk) shows a greater
signal drop due to the almost
equal amount of fat and water
bound protons in normal
marrow
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Ragab et al. (2009) examined patients with osteo-
porotic and neoplastic vertebral fractures and showed
a different proportional change (percentage decrease)
of marrow signal intensity in OP compared with IP of
58.51 ± 9.38 for osteoporotic and 13.55 ± 11.63 for
neoplastic lesions. A decrease in SI [35% as a cut-off
value showed a sensitivity of 95% and a specificity of
100% with a positive predictive value of 100% and a
negative predictive value of 95.2%.

Thus in-phase/opposed-phase imaging is a reli-
able additional tool for the differentiation of benign
and malignant vertebral collapse. However, if strong
edema and reduced fat content are present, the signal
intensities can also be high on opposed-phase images
in osteoporotic fractures. Care should be taken to
acquire the same sequence type with the appropriate
sequence parameters, since a slight shift e.g. in
TE and flip-angle can cause a significant shift in
contrast.

3.3 Dynamic Contrast-Enhanced MRI

Dynamic contrast-enhanced (DCE)-MRI does not
focus on morphological features but uses measure-
ments of the signal changes of intravenously admin-
istered contrast agents over time to measure
hemodynamic parameters, using ultra-fast imaging
methods. Gadolinium-containing contrast agents
show similar pharmacokinetics to that of iodinized
contrast agents and produce an increase of signal
intensity (SI) in T1-w images by reducing T1 relax-
ation time (Brasch et al. 1984).

The distribution of yellow and red bone marrow
strongly influences marrow perfusion. Yellow mar-
row mainly consists of fat cells and a sparse net-
work of capillaries, venules, and thin-walled veins
(Vogler and Murphy 1988). It shows only minor
and gradual increase of SI after administration of
contrast agents (Erlemann et al. 1988). Red bone
marrow includes a rich and arborized vascular
network. On contrast-enhanced images, the signal
enhancement is rarely obvious on T1-w images
without fat suppression since fatty marrow has a
high intrinsic SI, which hides the enhancement. It
can be detected by careful SI measurements (Vande
Berg et al. 1998).

Studies showed, that bone marrow perfusion
decreases with age (Baur et al. 1997; Chen et al.

2001; Montazel et al. 2003; Griffith et al. 2005), an
increasing fat content corresponds to a decrease of
marrow perfusion (Bluemke et al. 1995; Montazel
et al. 2003; Griffith et al. 2005), and perfusion is
higher in the upper compared to the lower lumbar
spine (Savvopoulou et al. 2008).

For the correct interpretation of a perfusion anal-
ysis, it is useful to know the distribution pattern
between the water and fat component in the assessed
vertebral bone marrow. Otherwise, an increase/
decrease of the fat component might be falsely
interpreted as a decrease/increase of perfusion due to
a pathologic cause (Biffar et al. 2010c, d).
Initial studies assessing the value of DCE-MRI in the
discrimination of benign and malignant vertebral
fractures semi-quantitatively examined the perfusion
of bone marrow using descriptive parameters like the
peak contrast-enhancement percentage, enhancement
slope, and time-intensity-curve (TIC) patterns based
on operator-defined regions of interest (ROIs) (Chen
et al. 2002; Tokuda et al. 2005).
The observed TICs can be classified into five groups:
A: nearly flat TIC,
B: slow inclination curve,
C: rapidly rising slope (wash-in) during early phase,

followed by a plateau after the peak enhancement
is achieved,

D: rapidly rising slope (wash-in) during the initial
short period like in type C, followed by a wash-out
phase,

E: initially rapidly rising slope followed by a second
slow-rising phase.
If the difference in maximal enhancement and SI at

the endpoint is greater than 20% of baseline SI, a type
C curve is defined as either type D or type E,
depending on the wash-in or wash-out of contrast
(Chen et al. 2002; Tokuda et al. 2005).

Chen et al. (2002) examined 42 patients with acute
compression fractures (n = 12), chronic compression
fractures (n = 21), and metastatic vertebral lesions
with (n = 6) or without (n = 32) compression frac-
ture. A type D curve was highly predictive (positive
predictive value 100%) for a metastatic lesion with or
without fracture, since the packed viable tumor cells
are thought to lead to an early wash-out because of
scarcity of matrix. But since the type D curve was
found in only one-third (18 out of 38) of malignant
lesions, the sensitivity for diagnosing malignant ver-
tebral lesions was not regarded to be sufficiently high.
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A type E curve was predictive for benign acute or
chronic compression fractures (positive predictive
value 85.7%), because an increase in vascularity,
infiltration of inflammatory cells, vasodilatation, and
exudation of plasma is thought to result in extrava-
sation of more contrast agent into the extracapillary
space without balanced venous wash-out. But since
only 6 out of 33 (18.2%) of the vertebral compression
fractures showed a type E curve, its sensitivity for
diagnosing benign vertebral compression fractures is
also low. There were no significant differences for
peak enhancement percentage and enhancement slope
with overlapping areas between benign and malignant
lesions.

Another study performed by Tokuda et al. (2005)
found some contradictory results with TIC patterns not
being able to distinguish between benign and malignant
lesions. They examined patients with osteoporotic
compression fractures (n = 8) with ages of the frac-
tures ranging from 27 to 45 days, benign vertebral
lesions (giant cell tumor, avascular necrosis, tubercu-
lous spondylitis, Schmorl’s nodes, vertebral hemangi-
oma) without compression fractures (n = 11), and
metastatic vertebral lesions with (n = 8) and without
(n = 21) compression fractures. Type E curves were
not only seen in benign fractures, but also observed in
metastatic vertebral lesions without compression frac-
ture. Type D lesions were also nonspecific. In this
study, peak enhancement, steepest slope, and slope
were significantly higher in pathologic compression
fractures, than in osteoporotic fractures. The authors
hypothesize that this difference might be because of the
time delay (27–45 days) from fracture to imaging: if
osteoporotic fractures are examined in the early phase
of healing during the inflammatory phase (like those of
Chen et al. 2002), an increase in vascularity might show
higher peak enhancement, steepest slope, and slope,
comparable with those of pathologic compression
fractures. But unfortunately, this study does not provide
information about the exact sensitivities and specifici-
ties of the examined parameters, and the study sub-
group population was small.

Since studies based on semi-quantitative parameters
revealed discrepant results and depend on well-known
limitations, like a dependence on examination
parameters like the injection protocol and an unclear
interpretation in terms of hemodynamic parameters
(Biffar et al. 2010c, d), another approach quantitatively

analyzes the dynamic contrast-enhanced data and
directly assesses the perfusion and endothelial perme-
ability using high temporal resolution T1w-MRI.

Therefore, the tissue concentration–time curve is
derived from the signal–time curve assuming a linear
relationship between the concentration of the tracer and
T1 and a known functional dependence between the
signal intensity and T1. In a second step, the perfusion-
and/or permeability parameters are determined with
tracer-kinetic analysis, which provides a relation
between the hemodynamic parameters and the mea-
sured TICs (Jaquez 1985; Tofts et al. 1999; Brix et al.
2004). The quantitative analysis requires the additional
measurement of an arterial input function (AIF) in the
feeding artery to correct variations of the tissue con-
centration, which are not directly related to the hemo-
dynamic state of the tissue itself (injection rate, bolus
shape, etc.) (Biffar et al. 2010b). The AIF can be
obtained using a circular ROI in the aortic lumen, and
can be calculated as the relative signal enhancement
divided by (1-hematocrit) to derive the plasma con-
centrations (Biffar et al. 2010c, d). Most studies used an
arbitrary hematocrit value of 0.45, since exact values
for individual patients were not always available (Bif-
far et al. 2010c, d, 2011).

The current standard model in tracer-kinetic anal-
ysis of DCE-MRI produces a parameter Ktrans that
represents a mixture of perfusion and permeability
(Tofts et al. 1999). Using a two-compartment model
(Brix et al. 2004) or a distributed parameter model
(Buckley et al. 2004), perfusion and permeability
can be fully separated. Four independent perfusion
parameters can be derived, characterizing the degree
of vascularity and capillary perfusion, plasma flow
(PF), plasma volume (PV), extraction flow (EF), and
the interstitial volume.

Initial examinations evaluated the potential of the
quantitative assessment of DCE-MRI in osteoporotic
fractures. Biffar et al. (2010c, d) showed in 20 patients
with acute osteoporotic compression fractures that
perfusion is strongly increased compared to normal
appearing bone marrow. In the same study, quantita-
tive DW-MRI (ADC values) was compared with the
perfusion parameters. IV and ADC value positively
correlated, confirming the assumption that ADC is
essentially determined by the diffusion of water in the
extracellular space, and that intracellular water has a
weaker contribution. The negative correlation of PV
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and ADC may be explained firstly by the fact that the
perfusion effects have been eliminated by the choice
of the b-values, and secondly by the fact that an
increase of the PV leads to a decrease of the IV. In
normal appearing bone marrow, the interstitial com-
partment is most likely bigger than the intravascular
compartment, because the TIC did not reproduce the
AIF. The shape of the TIC suggested that normal
appearing bone marrow corresponds to the interme-
diate regime of contrast agent exchange between both
compartments.

Other studies showed, that quantitative DCE-MRI
can successfully be used to differentiate between nor-
mal and diseased vertebral bone marrow (Biffar et al.
2010c, d, 2011). The use of tracer-kinetic models might
be useful in the differentiation of benign and malignant
vertebral fractures, studies on this purpose are still
ongoing.

3.4 FDG-PET/PET-CT

Fluorodeoxyglucose positron emission tomography
(FDG-PET) visualizes the increased glucose metab-
olism that occurs in malignant and inflammatory
lesions, and has been used extensively to differentiate
malignant tumors from benign lesions in many organ
systems (Strauss and Conti 1991; Hoh et al. 1997).
While tumor cells typically accumulate FDG, osteo-
porotic fractures are not expected to accumulate a
high amount of FDG, which may allow differentiation
between benign and malignant compression fractures
(Bredella et al. 2008). False-positive results can occur
in patients who have been treated with bone marrow
stimulating agents. One to two months after treat-
ment, FDG-uptake is expected to return to normal
(Bredella et al. 2008). Osteomyelitis and discitis can
show an increased uptake, mimicking malignancy
(Guhlmann et al. 1998a, b; Schmitz et al. 2002).
Chronic fractures have also been reported to show a
high FDG accumulation due to infiltration with
macrophages and granulation tissue (Palmer et al.
1995; Guhlmann et al. 1998a, b).

For this reason, the patient’s clinical history should
be actively sought when interpreting positive findings,
especially in cases with diffuse osseous uptake,
mimicking a diffuse osseous process (Bredella et al.
2008). In PET-CT, the CT portion improves the

exact fracture localization and provides additional
information on fracture morphology (Metser et al.
2004; Bredella et al. 2008).

Kato et al. (2003) examined 10 patients with acute
benign vertebral fractures, 9 patients with acute
malignant, and one patient with both acute benign and
malignant vertebral compression fractures. FDG-PET
showed significant differences (p = 0.0006) between
benign and malignant vertebral compression fractures
with a mean SUV of 1.36 ± 0.49 (SD) in the benign,
and 4.46 ± 2.12 (SD) in the malignant group. No
significant correlation was noted between the histo-
logic type of primary malignant tumor and FDG
accumulation of the metastatic lesion. At a cut-off
value of SUV 2.0, a sensitivity of 80%, a specificity
of 88.9%, and an accuracy of 85.7% could be shown.

Bredella et al. (2008) retrospectively evaluated the
use of FDG-PET and FDG-PET-CT in differentiating
benign from malignant compression fractures. The
neoplastic fractures were due to different underlying
malignancies, e.g. leukemia, ovarian cancer, or
esophageal cancer. There were 21 patients with 29
benign, and 12 patients with 14 malignant compres-
sion fractures. Only 5 of the benign fractures were
acute, based on clinical history and imaging charac-
teristics on additionally evaluated MRI scans. The age
of the other fractures was not listed in the study.

Malignant fractures demonstrated intense radio-
tracer uptake and a mean standardized uptake value
(SUV) of 3.99 ± 1.52, while benign compression
fractures showed only mildly increased or no
increased uptake of FDG-PET and a mean SUV of
1.94 ± 0.97, leading to significant differences for the
standardized uptake values (SUV) for benign and
malignant fractures. Acute and chronic benign frac-
tures could not be differentiated. FDG-PET showed a
sensitivity of 86%, a specificity of 83%, a positive
predictive value of 84%, a negative predictive value
of 71% and an accuracy of 92% (Bredella et al. 2008).
In this study some of the false-positive results were
found in patients that had been treated with marrow-
stimulating agents resulting in an increased
FDG-PET uptake (Bredella et al. 2008), what was
consistent with the effects described in previous
studies (Aoki et al. 2003). Therefore in interpreting
positive findings, possible treatment with marrow-
stimulating agents should be verified. In contrast to
bone scintigraphy, where there is an increased uptake
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for many months (Masala et al. 2005), in FDG-PET
there is only a mild to moderately increased uptake in
acute benign fractures, while chronic benign fractures
show no or only mildly increased uptake (Bredella
et al. 2008).

Figures 16 and 17 show PET-CT images of an
osteoporotic and a malignant vertebral fracture.

FDG-PET is recommended not as a screening
test, but rather as an additional imaging modality in
problem cases, with the possibility to evaluate the
entire skeletal system in search for metastatic dis-
ease. Patients with contraindications to MRI (pace-
makers, claustrophobia, severe pain) can profit from
FDG-PET(-CT) (Bredella et al. 2008).

3.5 Scintigraphy/SPECT

Scintigraphy and single-photon emission computed
tomography (SPECT) use the emission of radiation
of radiopharmaceuticals, which aggregate in areas of
high metabolism.

Bone Technetium-99 hydroxymethylene diphos-
phonate (Tc-99 HMDP) scintigraphy is an established
screening method for skeletal metastases. Multiple
increased uptakes are often considered as suspicious
for malignancy, while a solitary increased uptake of
the fractured vertebra is observed in most recent
benign and malignant fractures (Taoka et al. 2001).

Fig. 16 62-year-old patient with a fracture of Th 12 due to
osteoporosis. Sagittal FDG-PET-CT fusion image (a) showing
a fracture of the upper vertebral cover plate of Th 12 with an
adjacent band-like increased uptake (SUV 1.2), that is also
depicted in the PET image (b)

Fig. 17 67-year-old patient with a malignant fracture due to
metastasis of a neuroendocrinal tumor. Sagittal Ga68-DOTA-
TATE PET-CT fusion image (a) showing a heavily increased
tracer uptake in a wedge-shaped vertebral fracture (arrow).
There is also an increased uptake in the other non-fractured
vertebral bodies due to metastases, as can also be seen in the
PET image (b)
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Acute vertebral compression fractures, degenerative,
and inflammatory diseases show similar radionuclide
dynamics of Tc-99 HMDP, which leads to a lack of
sensitivity in differentiating benign from malignant
vertebral compression fractures.

Tokuda et al. (2011) examined 53 malignant verte-
bral compression fractures in 51 patients, and 44 acute
benign vertebral compression fractures in 40 patients to
compare the diagnostic value of SPECT with Tc-99
HMDP and morphologic MRI features. The results
showed, that the overall accuracy of MRI was signifi-
cantly greater than that of the SPECT images for both
observers in the study. In vertebral compression frac-
tures with partial replacement of the fatty marrow, MRI
performed significantly better in differentiating
between the two entities. However, fractures with a
complete replacement of fatty marrow did not show
significant differences between the sensitivities (up to
87.1% for SPECT, up to 94.9% for MRI), specificities
(up to 89.5% for SPECT, up to 89.5% for MRI) and
accuracies (up to 91.4% for SPECT, up to 91.4% for
MRI) of both techniques. Therefore the authors sug-
gested, that SPECT represents a valid alternative to MR
imaging for differentiating malignant from benign
vertebral compression fractures in patients, which are
not able to undergo MRI due to contraindications, like
cardiac pacemakers. MRI should still be used for
patients without contraindications.

Thariat et al. (2004) used Thallium-201 chloride
(201TI), which is a radionuclide with gamma-ray
emission that is mainly used as a myocardial per-
fusion marker, for the differentiation of benign and
malignant vertebral fractures that were not older
than 3 months. Conventional bone scintigraphy and
SPECT were performed. The authors showed a weak
sensitivity (28.6%), which did not support its sys-
tematic use to distinguish benign from malignant
recent vertebral fractures. SPECT showed unchanged
results in comparison with conventional bone scin-
tigraphy. But its high specificity (92.9% on early,
and 100% on delayed images) may make 201TI-
scintigraphy or -SPECT a valuable tool to avoid any
unnecessary invasive procedure, if performed prior
to vertebral biopsy. In contrast to other studies that
found a higher sensitivity in the evaluation of other
soft tissues and peripheral bone tumors, the authors
hypothesize that the soft tissues around the vertebrae
might have attenuated the radionuclide gamma-rays
in a much higher extent than expected, or that

edema, necrosis, and an altered vascularization in
vertebral fractures hamper the spread of 201TI,
which has been shown an accurate indicator of the
viability, metabolic activity, and vascularization of
tumors.

4 Therapy

Relieving pain and preserving mobility are the most
important goals that may require short-term anal-
gesic therapy in vertebral compression fractures. In
cases of severe pain due to osteoporotic vertebral
fracture hospitalization can be justified (Burge et al.
2002). Although there is a lack of randomized tri-
als, analgesics, nonsteroidal anti-inflammatory
drugs, and drugs relieving neuropathic pain are
commonly used for the therapy of patients with
acute osteoporotic vertebral fractures. Narcotics
facilitate mobility and avoid a prolonged bed rest
(Prather et al. 2007). Spinal orthoses can reduce
pain and disability in the first weeks after a verte-
bral fracture (Pfeifer et al. 2004; Stadhouder et al.
2009). Therapeutic exercise programs may reduce
pain and improve functional status, but the findings
are not constant across studies (Dusdal et al. 2011).
An adequate intake of vitamin D is recommended
in patients with osteoporosis (Lips et al. 2010).
Several pharmacotherapies, like bisphosphonates
(MacLean et al. 2008), selective estrogen receptor
modulators (MacLean et al. 2008; Silverman et al.
2008; Cummings et al. 2010), denosumab
(Cummings et al. 2009), or strontium ranelate
(Meunier et al. 2004) have shown efficacy in
reducing the risk of vertebral fractures.

Therapeutic options for patients with pathological
vertebral body fractures include medical therapy and
surgical intervention. Non-steroidal anti-inflamma-
tory drugs and steroids can be applied against bone
pain, neuropathic drugs can be used for nerve root
pain. Nonresponsive patients can be treated with
radiotherapy, but mechanical instability is not cor-
rected in these cases. Open surgical procedures are
highly invasive and may offer an unfavorable
risk/benefit ratio. Vertebroplasty and kyphoplasty
are an favorable option in patients with malignant
vertebral compression fractures that do not cause
neurological deficits but compromise quality of live
because of intractable pain (Tancioni et al. 2011).
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Vertebroplasty and kyphoplasty are partly indi-
cated for treatment of painful primary and secondary
osteoporotic vertebral compression fractures refrac-
tory to conservative therapy (Kondo 2008), although
in the last two years some studies questioned its
usefulness (Buchbinder et al. 2009; Kallmes et al.
2009; Buchbinder and Kallmes 2010).

In percutaneous vertebroplasty (PVP) a cement
substance with polymethylmethacrylate (PMMA) is
injected into a collapsed vertebral body under fluo-
roscopic control resulting in structural stabilization
(Kondo 2008). In kyphoplasty, prior to the injection
of PMMA, an inflatable bone tamp is used to erect the
collapsed vertebral body and minimize the kyphotic
deformity (Lieberman et al. 2001). In osteoporotic
fractures, the procedure is mostly done after
2–6 weeks of conservative treatment, but some
practitioners favor an earlier intervention, because
they believe that besides pain relief, the kyphotic
deformity should be corrected, as it might increase the
risk of future fractures due to an altered spinal load
distribution (Gaitanis et al. 2005). Mechanical sta-
bilization, which prevents further micro motion of the
vertebral fracture and provides realignment of the
anterior and posterior ligaments, as well as damage of
local pain receptors due to the unreacted cytotoxic
methacrylate monomer and the heat from the poly-
merization of PMMA, are discussed as possible
mechanisms of pain relieve (Belkoff and Molloy
2003). More than 90% of patients show an immediate
pain relief, and about 50% of the patients report
decreased pain during the immediate postoperative
period. Significant differences in the clinical outcome
between vertebroplasty and kyphoplasty could not yet
been shown, despite theoretical benefits of the cor-
rection of height and deformity (Gill et al. 2007).
Both techniques exhibit relatively low complication
rates from 1 to 3% in osteoporotic and up to 10% in
tumor-related vertebral compression fractures. Possi-
ble complications are related to needle displacement,
cement extravasation, infection, bleeding, or iatro-
genic fractures (Kondo 2008).

If there are multiple compression fractures or
chronic fractures, the correct vertebra can be identi-
fied by depicting the bone marrow in MRI. Tanigawa
et al. (2006) showed, that patients with extensive bone
marrow edema in the vertebral bodies that underwent
vertebroplasty, showed a significantly greater clinical

improvement than those without this pattern. This
shows agreement with other studies that showed
effectiveness in chronic fractures, but even better
clinical outcomes in patients with acute compression
fractures (Brown et al. 2004), because older vertebral
compression fractures lose bone marrow edema
pattern.

Voormolen et al. (2006) also found a more fre-
quent decrease of pain in patients with observed
BME, but also found that 71% of the patients without
BME showed clinical improvement, so that the
authors postulated that vertebroplasty should not be
withheld based on absence of BME alone.

Two randomized, double-blind trials (Buchbinder
et al. 2009; Kallmes et al. 2009) compared verteb-
roplasty with a sham procedure in patients with
painful vertebral fractures, that had been identified
within 12 months, and found no beneficial effects
from vertebroplasty with respect to pain, quality of
life, and functional disability. The mean duration of
symptoms before the procedure was 12–13 weeks in
one study (Buchbinder et al. 2009), and 16–20 weeks
in the other (Kallmes et al. 2009). Analyses did not
indicate that vertebroplasty was more beneficial than
the sham procedure within the subgroup of patients
with pain of shorter duration, although vertebroplasty
and kyphoplasty have been proposed to be most
effective for acute fracture pain.

Since new vertebral compression fractures often
occur relatively soon after intervention in vertebral
bodies adjacent to fractured vertebral bodies treated
with vertebroplasty (Uppin et al. 2003), there is spe-
cial interest in the possibility to predict new adjacent-
level compression fractures to justify a prophylactic
vertebroplasty there. Sugimoto et al. (2008) showed,
that collapsed vertebral bodies adjacent to vertebral
bodies treated with PVP show significantly higher
ADCs than not collapsed vertebral bodies prior to
PVP, indicating that DWI before PVP might be a
predictor for new compression fractures following
PVP.

Therefore, the treatment of acute vertebral collapse
should be planned in an interdisciplinary team setting,
taking into account conservative management as well
as surgical treatment. Due to the contradictory results,
vertebroplasty should only be performed in those
cases where pain cannot be managed conservatively
and bone marrow edema is still present.
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